China, where consumed the most water in the whole Heihe River basin. Increasing spring wheat, and vegetable were 562.4 mm, 408.7 mm, and 719.0 mm, respectively.
Introduction

28
Inland river basins take up about 11.4 % of the land area in the world and most of them are taking up an increasing share of water resources, endangering the hydrological To make rational use of the water resources in the midstream of Heihe River, the water 72 requirements of the oasis including the specific land types in the middle Heihe River
73
Basin were analyzed during 1986-2013 in this study. The primary objective of this study 74 anticipate that this study would be helpful to the water management in the middle Heihe
82
River Basin, and the method to analyze the causes might be widely applicable for the 83 oasis in the inland river basins.
84
Material and methods
85
Study area
86
The study was conducted in the oasis in the middle Heihe River Basin (between 38°87 32′and 39°52′N, and 98°57′and 100°51′E), Gansu Province, China ( Fig. 1) .
88
It embraces a total area of 8.6×10 9 m 2 , included in Ganzhou district, Linze county and
89
Gaotai county. The climate is continental arid temperate because the study area is use data between the four discrete years could be obtained by linear interpolation.
153
To obtain the spatial distribution of specific crops in the cultivated land, the socio- 
Validation data
161
The water requirements estimated in this study were compared with two 
Estimates of water requirements
171
In this study, we considered the water requirements of the cultivated land, forest land, 
Water requirements for the cultivated land and grassland
177
Water requirements of the crops and grass in the oasis refer to the evapotranspiration 178 from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 179 conditions and achieving full production under the given climatic conditions. This can 180 be calculated using crop coefficient approach as following:
where ETc is the crop water requirement; Kc is the crop coefficient; ET0 is the reference 183 evapotranspiration.
184
ET0 was calculated using the modified Penman-Monteith equation recommended by
185
United Nations Food and Agriculture Organization (FAO) (Allen et al., 1998) .
186
Reference evapotranspiration is only related to meteorological factors (Shahid, 2010) .
187
It can be used in a wide range of locations and climates, and can be calculated using the 
211
Wgi is the key to calculate vegetation ecological water demand using the phreatic 212 evaporation method, and it is usually calculated using Averyanov's phreatic evaporation E0 is the surface water evaporation.
220
The other wood in the study area was mainly orchard, so the water requirement of other 221 wood land was calculated by the crop coefficient approach (Table 1) . 
Water requirements for waters and the swampland 223
The water requirement of waters can be taken as the evaporation from water surfaces,
224
which can be calculated according to Shuttleworth (1993) :
where ETw is the water requirement of waters (mm); is the latent heat of vaporization
227
(MJ kg -1 ).
228
The water requirement for swampland was calculated by crop coefficient approach. The
229
Kc of the vegetation in the swampland is determined depending on the single crop 230 coefficients suggested in FAO (Table 1) . 
Contribution assessment
232
According to the methods to estimate water requirements of the oasis in the middle
233
Heihe River Basin, the value of the water requirements (y) is mainly related to the 234 climate (x1), total area of the oasis (x2), and area proportions of the land structure (x3).
235
Mathematically, the function can be write as
The variation of the dependent variable y can be expressed by a differential equation as
As y varies with time t, we can rewrite Eq. (7) as
is the slope of the linear regression for y against time t; use type is located can also affect the water requirement. In this study, we didn't 248 consider the influence of land-use location on the water requirement, so we fitted it into
249
, which can be taken as the error.
250
The individual proportional contribution (ρ) of related factors to the long-term trend in 251 y can be estimated as
where xi can be the variable x1, x2 and x3. 
Results
255
There are 15 specific land-use types in the oasis of the middle Heihe River Basin, which (Fig. 3) . According to the land use data, the area of the cultivated 271 land accounted for ~80 % of the total area of the oasis (Fig. 4) . Therefore, the water all smaller than 9 % (Fig. 4) .
281
The water requirement of the cultivated land per unit area increased from 513.9 mm to 56 % of the cultivated land was concentrated here ( Fig. 6a; Fig. 7) . The water 303 requirement of the cultivated land per unit area in Gaotai increased faster than the other 304 regions due to the adjustment of the crop structure (Fig. 6b) , that is to say, the largest 305 increase of the planting proportion of vegetable happened in Gaotai (Fig. 2) . The water 306 requirement per unit area in Linze was higher than that in Ganzhou, but because of the 307 small planting area, the total amount of water requirement in Linze was similar with 308 that in Gaotai, and much smaller than that in Ganzhou (Fig. 6a,b) . The mean annual . The emergence that the water requirement amount in Gaotai was more than that in
317
Linze came from two aspects. One was that the oasis area in Gaotai was larger than that 318 in Linze, the other was that the water requirement per unit area in Gaotai was the highest 319 in the three regions (Fig. 6d) . Besides the adjustment of crop structure, the swampland 320 was mainly distributed in Gaotai, which generated the highest water requirement per 321 unit area in Gaotai. In the beginning, the water requirement per unit area in Ganzhou
322
was smaller than that in Linze (Fig. 6d) for the crops only included the water requirement during the crop growth period, so 341 most yearly ET data were larger than the yearly water requirements, and the slope of 342 the linear regression was smaller than 1 (Fig. 8a) linear regression was about 1.1 when set the intercept at 0 (Fig. 8b ). were strongly correlated with the ET data. The value of R 2 reached about 0.99 (Fig. 9) .
355
Because the resolution of the ET datasets was relatively low, only the results in the oasis supply from the land surface could not meet the requirement any more (Fig. 10) .
376
The vegetation in the oasis can be divided into two categories, one is agricultural increased much more than the water supply (Table 3) , so the water resources from land 387 surface was in short supply. respectively (Fig. 11a) . Considering the effect of climate to the water requirement 407 amount, the total area of the oasis and the area proportions of the land structure were 408 set stable, which meant the area of all the specific land-use types didn't change with year for the oasis and cultivated land, respectively (Fig. 11c) . Then the contribution of 418 the total area was 58.3 % and 60.6 % for the water requirement change in the oasis and 419 cultivated land, respectively. Considering the effect of the area proportions of the land 420 structure to the water requirement, the climate and total area were set stable, and only 
Conclusion
465
Affected by the climate, total area of the oasis, and land structure, the water requirement wheat.
475
For the influencing factors to the water requirement, the planting area was the primary 
